Polymer derived ceramics (PDC's) are processed from liquid organometallic precursors by cross-linking the polymers into infusible solids, followed by controlled pyrolysis. No previous work regarding their tribology has been reported. Further, the synthesis of PDC's as thin films, and the role that the nanostructure plays on the mechanical properties has not been reported. The objective of this research was to evaluate the fundamental tribological behavior of polymer derived SiCN in both bulk and thin film form. Friction and wear evaluations were made on bulk materials and thin films using a Si 3 N 4 ballon-disk linear wear tester at various contact pressures and in different environments that contained various amounts of humidity. The micro/nanostructure was characterized by FTIR, microRaman, and scanning electron microscopy. Bulk SiCN gave a low friction coefficient and good wear resistance in humid environments but showed significant fracture and gouging in dry environments at higher contact pressures. Although there is ambiguity regarding the tribology of the thin films there seems to be a dependence upon the nitrogen content within the materials derived from the polymeric stage. The future work will focus on optimizing processing conditions of thin films and investigating the role that nitrogen plays in both bulk and thin film SiCN materials.
INTRODUCTION
Polymer derived ceramics (PDC's) are processed from liquid organometallic precursors by cross-linking the polymers into infusible solids, followed by controlled pyrolysis. Silicon carbonitride (SiCN) and silicon oxycarbide (SiOC) are two well-known examples of this class of materials. Their microstructures typically comprise of nanodomains of ceramics and free carbon. SiCN is especially suited for future microsystems applications in high temperature and harsh environments due to its refractory nature, and its capability to be fabricated into micron sized parts.
Although much characterization work has been reported on the evolution of the micro/nanostructure from polymerization through pyrolysis, and on their mechanical and thermomechanical properties [1] , to our knowledge, no work regarding the tribology of PDC's has been reported.
OBJECTIVE, METHODOLOGY, AND RESULTS
The objective of this work was to evaluate the tribological behavior of of SiCN in both bulk and thin film form. Bulk material of SiCN in the form of 10mm squares was fabricated by photopolymerization of a commercially available precursor, poly(urea methylvinyl) silazane (PUMVS) followed by hot isostatic pressing at 1000 o C in nitrogen. A more complete description of the fabrication route can be found elsewhere [2] . Dilute solutions of PUMVS precursor were spun cast onto silicon and sapphire substrates to synthesize the PDC's in thin film form. The spun cast films were UV cured in air, and crosslinked at 400 o C and pyrolyzed in a tube furnace in a flowing gas of either N 2 or NH 3 . Processing details are given in Table 1 .
Friction and wear evaluations were made on bulk materials and thin films of polymer derived SiCN using a ball-on-disk linear wear tester at various contact pressures. Measurements were made against a Si 3 N 4 counterface in dry nitrogen and in air with varying percentages of relative humidity. When tested in a dry nitrogen environment, and below certain contact pressures, bulk SiCN gave a low friction coefficient 0.13-0.2 ( Figure 1, sample A) and SEM revealed the absence of debris, deep grooves, and fracture as shown in Figure 2 (a). FTIR and Raman spectroscopy showed that bulk SiCN materials consist of complex Si, O, C, and N bonding, that surrounds graphitic nanoclusters.
When tested in dry nitrogen, thin films showed a range of friction and wear behavior, which was highly dependent upon the pyrolysis atmosphere used to synthesize the films. Films pyrolyzed in N 2 yielded a high friction coefficient of 0.6 (see Figure 1 samples B, C). Raman spectroscopy and FTIR show that films pyrolyzed in N 2 were comprised of highly ordered pyrolytic graphitic phases within a Si-O matrix. The pyrolysis atmosphere was changed accordingly to NH 3 , which promoted Si-N bonding within the films, and retained graphene phases that were somewhat less ordered than in N 2 pyrolyzed films. The lowest friction coefficient (0.13) was observed on those films deposited on silicon and pyrolyzed in NH 3 (see Figure 1 sample D). Cylindrical "rolls" were found on the wear track and counterface of NH 3 pyrolyzed films, as shown in Figure  2(b) . Structure-property relationships for both bulk SiCN samples and thin films are discussed. 
